Abstract-The discoloration of Carmoisine at an initial concentration of 1 g/L, by the Fenton process (Fe 2+ / H2O2) has been studied. The efficiency of this process in the discoloration of Carmoisine, as well as the influence of the reaction parameters, was discussed. The effects of initial pH, Fe 2+ and H2O2 concentrations, and treatment duration on the discoloration kinetic were evaluated. Our results showed that the best discoloration efficiency has reached 94 % and was achieved in 20 minutes of treatment with 3.57 mmol/L Fe 2+ , 194.1 mmol/L H2O2, at pH = 3. The discoloration kinetics of the carmoisine followed the BMG model.
I. INTRODUCTION
The dyes are an important source of water pollution and their degradation products can be toxic to flora and fauna. [1] The azo dyes are the most important family, characterized by the presence of an azo functional group (-N=N-) linking two aromatic rings within the molecule. This dye category is currently the most widely used, since they represent more than 50% of the global dye production [2] , [3] .
Various treatment methods, such as coagulationflocculation [4] , adsorption [5] , advanced oxidation processes (AOPs), [6] , [7] etc. have been studied for azo dyes removal from wastewaters.
Among these technologies, Advanced Oxidation Processes (AOP) have started to take an interest in the last 20 years for the treatment of wastewater and industrial discharges [8] .
Their non-polluting, simple and inexpensive character constitute a performing and clean solution that fits in with the purpose of green chemistry and sustainable development [9] .They are based on in situ generation of very reactive and non-selective radical entities such as hydroxyl radicals (OH • ), which have a very high oxidizing ability [10] , [11] . These hydroxyl radicals are able of oxidizing organic and/or organometallic pollutants up to the ultimate stage of oxidation: the total mineralization of organic pollutant [10] , [12] .
AOPs can be subdivided into four groups: chemical oxidation processes in homogeneous phase (H2O2/Fe 2+ and H2O2/O3), [13] , [14] photocatalytic processes in homogeneous and/or heterogeneous phase (H2O2/UV, [15] O3/UV [16] and Fe 2+ /H2O2/UV, [17] TiO2/UV [18] , [19] ), sonochemical oxidation processes [20] and electrochemical oxidation processes [21] .
Among the various AOPs, the Fenton process (Fe 2+ / H2O2) is one of the least complex and most effective method of organic pollutants oxidation [13] , [22] . It is often used in the treatment of various industrial wastewater components, including aromatic amines [23] and a wide variety of dyes [11] , [24] as well as many substances like pesticides [25] .
The classic Fenton process is characterized by the reaction of ferrous ions with hydrogen peroxide to generate hydroxyl radicals which can oxidize organic pollutants such as dyes [26] , [27] . The overall reaction is:
Moreover, many competing reactions participate in the Fenton system.
• and H2O2, has been investigated to obtain an optimal kinetic of the dye degradation.
II. EXPERIMENTAL PROCEDURE
In order to have an idea on the composition of wastewater produced by food dye industries in Morocco, the physicochemical characteristics of the liquid waste are presented in Table I .
Wastewater composition shows a load with organic matter and a dye concentration of 2.65g/L. 
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In this context, and in order to understand the mode of action of the Fenton process, the study was carried out in a synthetic solution of carmoisine with a concentration of 1g/L. This solution is characterized by a red color that models the wastewater pollution and presents the advantage to have a color intensity that can be easily monitored using a spectrophotometer.
The pH was measured using a HANNA HI8519N pH meter.
The spectrophotometric measures were carried out at a wavelength λ = 515 nm using a Helios gamma spectrophotometer, as the azo bond, adsorbing at 515nm is also responsible of the dye color.
The UV-visible adsorption spectrum of the carmoisine solution and it chemical structure are shown in Fig. 1 . The device (Fig. 2 ) used for the treatment of the carmoisine by the Fenton process was a 250 mL reactor placed on a magnetic stirrer to ensure the homogeneity of the solution. All the tests were carried out on a synthetic solution of carmoisine at a concentration of 1 g/L. FeSO4,7H2O and H2O2 (30%) used were of analytical grade. The pH of the solution was adjusted with NaOH and H2SO4. After each experiment, the final pH value of the resulting solution was measured and a spectrophotometric measurement was performed in order to evaluate the color vanishing efficiency.
The discoloration efficiency was evaluated using relation (9) 
III. RESULTS AND DISCUSSION

A. Optimization of system parameters 1) Influence of Fe 2+ concentration
The amount of Fe 2+ is one of the main parameters required in the Fenton process. To determine the most efficient Fe 2+ concentration on the treatment of carmoisine using the Fenton process, experiments were carried out at increasing concentrations of Fe 2+ (from 0 to 10 mmol/L), at a fixed H2O2 concentration (388 mmol/L) and an initial pH=3. Fig. 3 illustrates the effect of Fe 2+ concentration on the discoloration of carmoisine. Analysis of Fig. 3 showed that the discoloration efficiency increased when increasing Fe 2+ concentration. This can be explained by the action of Fe 2+ ions with H2O2 to generate OH
• radical which oxidizes the dye molecule and degrades it into smaller molecules [27] , [31] . The action of the hydroxyl radical occurs mainly on the N=N double bond, responsible for the red color.
The optimal value of discoloration was obtained for Fe 2+ concentration of 3.57 mmol/L. Under these conditions, the discoloration efficiency reached 91%.
2) Influence of H2O2 concentration
Hydrogen peroxide plays an important role in the Fenton oxidation process, as it constitutes the source of hydroxyl radicals OH
• . However, an excess of hydrogen peroxide can destroy the hydroxyl radicals hence reducing the efficiency of the treatment and increasing the treatment cost [7] .
The optimization of H2O2 has been studied in the concentration range of 0-388 mmol/L. Fig. 4 illustrated the evolution of the discoloration efficiency with H2O2 concentration, using the optimum Fe 2+ concentration of 3.57 mmol/L at pH = 3. 
OH + H O HO + H O  (10)
3) Influence of the initial pH
The pH of the solution was an essential parameter in the degradation of pollutants by the Fenton process. The effect of the initial pH on the carmoisine solution discoloration by the Fenton process was studied in the pH range between 2 and 9, at fixed optimal Fe 2+ and H2O2 concentrations (respectively 3.57mmol/L and 194.1mmol/L). The results are presented in Fig. 5 . 5 showed that, when testing the initial pH in a rank from 2 to 9, the discoloration efficiency first increased to reach a maximum of 94% at pH = 3 and decreased when the pH became higher than 3.
For pH values below 3, Fe 2+ reacted more slowly with hydrogen peroxide and produced less hydroxyl radical. This explained the low value of the discoloration efficiency [30] , [32] . Similar results have been described in other studies. At a pH around 3 the production of hydroxyl radicals by decomposition of hydrogen peroxide was favored, which increased the availability of free radicals for pollutants oxidation [11] , [31] , [33] .
For pH values higher than 4, the ferric ions precipitated as iron hydroxide Fe(OH)3 making the Fenton process slow to carry out [7] , [34] .
The dye solution discoloration rate using Fenton process was quite slow in alkaline medium while it was fast in acidic medium [7] , [31] . Fig. 6 presents the effect of the treatment time on the discoloration efficiency of carmoisine solution at the optimal pH, Fe 2+ and H2O2 concentrations. The graphic shows that an increase in the treatment time is directly linked to an increased the discoloration efficiency. The discoloration efficiency reached a maximum of 94% after 20 mn of treatment. It remained constant for higher treatment times. 
4) Influence of treatment time
B. Kinetic study 1) Monitoring the degradation of the various bonds of the carmoisine molecule
The UV-visible spectrum (Fig. 7) of carmoisine solution showed three absorption bands at the wavelengths 220, 320 and 515 nm. These maximum of absorption were respectively attributed to benzene, naphthalene and azo bond (-N=N-). These absorption band were due to the π→ π* or n → π* transition [35] , [36] .
To understand the degradation reaction of the carmoisine molecule by Fenton process, its UV-visible spectrum was monitored after different treatment times (Fig. 7) . The results show a clear extinction of the 515nm absorption band. This extinction is faster than those of 220 and 320 nm. These results indicated that the OH
• radical, produced from the Fenton reagent, reacted at first with the azo group of the dye molecule since the absorption energy values of the n → π* transitions are much lower than those of the π→ π* transitions and opened the -N=N-bonds [30] .
In the case of carmoisine solution discoloration, the intensity of the absorption band at 515 nm displayed a sharp decrease with the increasing treatment time, unlike the other bands in the ultraviolet region. This means that the -N=N-bond of carmoisine molecule was destroyed more easily than benzene and naphthalene rings. 
2) Kinetic monitoring
In the present study, the discoloration kinetics of carmoisine using the Fenton process was studied using a 1g/L dye solution. In optimized conditions of treatment, many kinetic models were applied as zero-order, first-order, second-order and Behnajady-Modirshahla-Ghanbery model (BMG) [31] , [37] , [38] .
-
The kinetic of zero-order reaction was defined by:
The kinetic of first-order reaction comply with:
The kinetic of second-order reaction can be written:
K0, K1 and K2 represent respectively the kinetic constants of the reactions considered zero, first and second order; Ct is the concentration of the dye; t is the reaction time.
The BMG model was applied and defined as:
C0 is the initial concentration of the dye; Ct is the concentration at time t; m and b are two characteristic constants related to the oxidation capacities and to the reaction kinetic.
We have studied the discoloration kinetic of carmoisine red solution treated by the Fenton process. Discoloration efficiency was evaluated by absorbance measurement at  = 515 nm.
The kinetics of the discoloration of carmoisine solution by the Fenton process was modeled by applying the kinetics equations of zero-order, first-order, second-order and the BMG model. The results obtained are shown in Fig. 8 and Table II. Analysis of the various representations showed that the kinetic model that correctly describes the kinetic of discoloration of carmoisine solution was the BMG model with correlation coefficient R 2 = 0.998. The physical meaning of 1/m represented the initial discoloration rate of the dye solution during the process. In Table III , the value of 1/m is higher, which indicated that the rate of discoloration was faster in our experiments according to the BMG model [38] .
The 1/b parameter indicated the maximum dye discoloration fraction, which corresponds to the maximum oxidation capacity of Fenton process [39] . According to the results obtained, the BMG model can describe the discoloration of carmoisine solution using the Fenton process. This result is similar to that observed by Ozdemir et al. [40] and Behnajady et al. [38] .
IV. CONCLUSION
Our work investigated the treatment of 1g/L carmoisine in aqueous solution using the Fenton oxidation process. The effects of four main parameters, namely initial pH, H2O2 and Fe 2+ concentrations and treatment time were evaluated. The parameters determined to obtain an optimal 94 % discoloration efficiency of carmoisine solution were pH = 3. 
